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Abstract: 
The results of a joint simulation 
assessment are presented. The 
purpose of the assessment is · to 
select the simulation for tier 2 
experiments to support the ONR 
funded Adaptive Architecture for 
Command and Control (A2C2) 
project. This long term project 
involves members from DoD, 
academia, and the civilian sectors. 
Four candidate simulations plus the 
Global Command · and Control 
System (GCCS) are described and 
evaluated. Results are presented. 
Some findings are also germane to 
the eventual selection of the tier 3 
simulation for the A2C2 project. 
1 Introduction 
Man-in-the-loop experiments are an integral part of 
the Adaptive Architecture for Command and 
Control (A2C2) project and are used to collect 
empirical data for subsequent analysis and 
modeling efforts. Three categories or tiers of 
experiments are envisioned. They are based on 
levels of complexity of the organizational and 
tasking structures as they relate to the C2 processes 
and the simulations and scenarios that support 
them. 
Four candidate simulations to support the 
most likely tier 2 experiment type, a hybrid 
scenario, are examined -- plus for completeness, 
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Global Command and Control System (GCCS) is 
assessed. Many simulations were excluded from 
the assessment due to mismatches in cost, 
availability, resolution, or support and training 
requirements. 
A simple grading scheme based on ten 
criteria is used to evaluate the candidate 
simulations. The results are presented and 
discussed. Finally, a recommendation with 
supporting rationale is provided. 
2 Three Tiers of Experiments 
Three categories or tiers of experiments in A2C2 
are envisioned. Tier 1 experiments limited in scope 
and realism. Tier 2 and 3 trials are envisioned to 
use more complex scenarios, be more 
operationally/strategically oriented, joint in nature, 
require longer trial times in order to capture events 
of interest, be more distributed in design, and 
finally, in tier 3, to make of use operating forces as 
subjects. 
2.1 Tier 1 experiments 
Tier 1 experiments are conducted with the intent to 
measure fundamental A2C2 relationships of 
interest. Such as how well different organization 
structures perform when assigned different task 
structures. These relatively simple tier 1 trials will 
quickly evolve into more complex experiments 
requiring more sophisticated scenarios and 
simulations. 
The first tier 1 experiment in support of the 
A2C2 project was conducted in the Winter 1996 
quarter at the Naval Postgraduate School (NPS) 
using student military officers with recent 
operational experiences as subjects [Kemple, et al., 
1996]. The Distributed Dynamic Decision-making 
version III (ODD-III) paradigm was used to 
conduct the first experiment and is expected to be 
used for the remainder of the tier 1 experiments 
[Kleinman et al., 1996]. It is also a candidate 
simulation for tier 2 and 3 experiments and will 
therefore be addressed in more detail later. 
2.2 Tier 2 experiments 
Tier 2 experiments will be designed to more 
realistically and completely represent joint military 
operations. This will be accomplished by using 
more complex scenarios and simulations when 
compared with tier 1 experiments. Besides DDD-
III, the other tier 2 (and tier 3) candidate 
simulations are the Research Evaluation and 
Systems Analysis (RESA) system, the Joint 
Theater Level Simulation (JTLS) system, and the 
Marine Air Ground Task Force (MAGTF) Tactical 
Warfare Simulation (MTWS) system. 
2.3 Tier 3 experiments 
Eventually it is envisioned that experiments will 
evolve to the point that the simulations will be 
conducted using warfighter' s equipment in the 
warfighter' s environment. Tier 3 simulations will 
· support these type of experiments. An example of 
a tier 3 simulation configuration might be use of 
MTWS to drive GCCS databases so that subjects 
are stimulated by events unfolding on their GCCS 
equipment and can respond by using GCCS 
planning, decision, and execution aides to direct 
their forces. 
3 Assumptions 
The assessment assumes that the A2C2 
experiments will continue to evolve toward more 
complex joint or combined scenarios in order to 
learn about more complex A2C2 issues. This also 
implies that the scenario will become more complex 
and therefore the trial times must be lengthened to 
allow time for measured events to unfold and be 
measured. Therefore techniques must be derived 
to solve the dilemma of longer trials times required 
versus practical sample size constraints. 
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Particularly when using warfighters in their own 
environment. 
4 Three Scenario Types 
This section discusses three types of scenarios for 
use in A2C2 experiments. A scenario is the 
pseudo-realistic geo-military-politico context within 
which the control team and the subjects conduct the 
simulation. 
4.1 Combat Events Scenario 
A combat events scenario is typically associated 
with real-time, execution-dominated, tactical 
operations. Experiments using scenarios focused 
on rapidly developing air and anti-air warfare 
events are typical of this genre. Other than 
"learning the rules", limited pre- and mid-trial 
planning is conducted. The scenario is typically 
played in "watch officer" time segments of minutes 
to a few hours per trial. · Therefore, this type of 
trial scenario typically supports many trials i.e.; 
large sample sizes. Accelerated game play can 
further increase sample size opportunities. 
Measurements are largely collected automatically 
by the simulation application. 
4.2 Seminar Scenario 
A seminar scenario is associated with a planning-
dominated experiment that involves a series of 
vignettes played over time by a team of players and 
where each vignette is subjectively evaluated by 
umpires. Scenarios are typically constructed at the 
operational or strategic level of warfare. A 
computer is not required. Typically stimuli are 
provided to the subjects via a briefing of a threat, 
mission, resources, and constraints. The team's 
response to each vignette is provided to the 
umpires via a written plan of action. Responses are 
subjectively evaluated by the umpires. More time 
may be required to measure the same events when 
compared with combat events scenarios. However 
the data collected, while more subjective, tends to 
be richer since the human team interactions are the 
focus of the data collection rather than operational 
and combat statistics typically gathered during 
combat events scenarios. 
4.3 Hybrid Scenario 
A hybrid scenario is recommended for use in A2C2 
tier 2 and 3 experiments. Hybrid scenarios 
combine combat events scenarios with real-time 
play of a series of vignettes using a computer 
simulation but separated in time to allow teams to 
evaluate results and to plan and perhaps reorganize 
for the next vignette. Decision tools used before or 
between vignettes as planning aides must be an 
integral part of the computer simulation used to 
execute the plan during a vignette. RESA, JTLS, 
and M1WS are examples of simulations in which 
tier 2 experiments running hybrid scenarios could 
be conducted. Hybrid scenarios allow teams to 
cycle between planning and testing (plan - test -
plan -) and should result in detailed data from the 
simulation game play as well as greater breadth of 
data collected during the planning phases. Hybrid 
scenarios are thought to be desirable for tier 2 and 
tier 3 experiments. 
5 Four Candidate Simulations 
The number of simulations considered in the study 
for selection to support tier 2 A2C2 experiments 
were limited by the following two criteria. First, 
simulations in which the group knew from 
experience would not be appropriate for the study 
were eliminated. Examples included simulations 
with mismatches in resolution, support 
requirements, availability, and cost. Second, 
simulations in which the group had very little first 
hand knowledge were eliminated as a practical 
matter in order to avoid a steep learning curve. The 
candidate simulations selected for the assessment 
were DDD-III, RESA, JTLS, and MTWS. GCCS 
was also assessed for completeness as discussed 
later. A brief description of each is described 
below. Then the evaluation scheme is discussed 
followed by comparison of candidate simulations. 
5.1 DDD-111 
DDD-ID was created and is sponsored under the 
direction of Professor Kleinman from the 
University of Connecticut [Kleinman et al., 1996]. 
It is a UNIX based client server system written in 
C whose purpose is to provide a distributed 
gaming environment for C3 research. It is an 
abstract, multi-player, two-sided military 
simulation designed for normative-descriptive 
research efforts in adaptive command and control. 
5.2 RESA_ 
RESA is a C3I Simulation System that was 
developed and is sponsored by the Naval Research 
and Development Division (NRaD) division of the 
Naval C2 Oceanographic Systems Command 
(NCCOSC). Its purpose is to provide a tool to 
support systems analysis, systems testing, and 
concept development in C3I, Ocean Surveillance, 
and other mission areas. It currently runs on 
Digital Equipment Corporation's VAX hardware 
and is primarily written in FORTRAN 77. A 
UNIX version may be provided at a later date. It is 
a two-sided, multi-player naval wargame that 
simulates combat events down to the aircraft and 
ship level. Interactions between forces, models, 
and databases are via multiple graphical and status 
board displays. 1,000 track games are routinely 
played. Smaller games may be played at 
accelerated game times. 
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5.3 JTLS 
JTLS is a joint level, multi-sided, real time 
simulation system. It is primarily sponsored by 
Joint Chiefs of Staff Wargaming and Simulation 
Division (JCS J8). Its purpose if to provide a 
theater-level model designed for use by 
commanders and planners in the analysis, 
development, and evaluation of operational plans. 
JTLS currently runs on a DEC VAX or in a UNIX 
environment using the Simscript simulation 
language. JTLS provides an environment for 
dynamic interactions between intel, air, logistics, 
naval, and ground forces. It is unique among 
wargames in that it supports changing allegiances 
of coalitions of forces during game play. 
5.4 MTWS 
MTWS is the "Next generation wargaming system 
for the USMC". It is designed to support training 
of tactical commanders and their staffs in exercises. 
MTWS is an object oriented war game, written in 
ADA, that runs on HP TAC-3 and -4 UNIX 
platforms. It consists of 4 servers plus up to 26 
player stations in a single configuration. MTWS is 
designed such that the controller drives the problem 
and not the simulation software. MTWS is a Two-
sided, multi-player, joint (four service) wargame 
that simulates combat events down to the aircraft, 
ship, and battalion level. Interactions between 
forces, models, and databases are through use of 
modem GUI using color graphical and status board 
displays. 500 track games are routinely played. 
Smaller games may be played at accelerated game 
times. 
5.5 GCCS Operational Picture 
GCCS directly supports C4I for the Warrior 
(C4IFTW) by providing real-time, joint service, 
fully integrated, C4I from the National Command 
Authority (NCA) to the warfighter. The current 
GCCS version is operational at over 100 sites 
including all the Commanders in Chief (CINC) 
sites and subordinate CINC sites and various 
supporting commands such as CIA, NSA, DISA, 
and the NPS. The sites are connected to the 
"SECRET Internet" using the Secret IP Routed 
Network (SIPRNET). The CINC version of 
GCCS is sponsored by JCS and the Defense 
Information Systems Agency (DISA). GCCS 
allows the CINCs to conduct national and theater 
collaborative cns1s and deliberate planning 
functions including situations assessment, various 
planning functions, and execution monitoring 
functions. 
Future versions of GCCS will include joint 
wargaming support. JTLS and MTWS appear to 
be the leading candidates. GCCS databases driven 
by the MTWS simulation would be an ideal 
combination for A2C2 tier 3 experiments. 
6. Ten Assessment Criteria 
A simple grading scheme is used to evaluate 
candidate simulation systems for A2C2 tier 2 
experiments. Ten attributes of each wargame were 
graded on a plus, zero, or minus scale ( +, 0, -) . 
Candidates simulations were ranked by total score. 
No weighting was used across criteria or 
simulation candidates. The ten criteria are 
described below. 
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6.1 Joint Operations 
How well does the simulation represents joint 
operations? Single service simulations were 
penalized. Credit was given for combined force 
simulations. 
6.2 Models 
Are the models used sufficient to provide the 
required data collection measurement resolution? 
6.3 Support 
How much non-organic (contractor) support is 
required to design scenarios and operate and 
maintain the simulation? 
6.4 Learning Curve 
A measure of the subject's ability to learn to play 
the simulation. 
6.5 Availability to the A2C2 Researchers 
Time required to install and train staff for new 
systems. 
6.6 WAN Connectivity 
Ability to conduct distributed simulations. 
6.7 Architecture 
Suitability for eventual use as a tier three GCCS-
compliant distributed simulation system. 
6.8 Cost 
Procurement and installation cost. 
6.9 Data Collection 
Automatic and user-selectable data collection 
capability. 
6.10 Realism 
Is the tempo, information load, C4I, and other 
factors realistic enough to immerse the subjects in 
the scenario? 
7 Assessments of Simulations 
Each simulation is assessed using the above 
enumerated assessment criteria and graded on a 
plus, zero, or minus scale ( +, 0, -) in the context 
of a tier 2 experiment using a hybrid scenario 
7.1 DDD-III Assessment 
7.1.1 Joint Operations 
Abstract W argame. Type forces limited 
only by imagination of game designer and players. 
(+) 
7.1.2 Models 
Simple, time tested monte carlo based 
models. (0) 
7.1.3 Support 
Other than POC, current support limited by 
fluid nature of development and lack of 
documentation required to build, maintain, change, 
operate games. (0) 
7 .1.4 Learning Curve 
Given 1 experienced officer, a team of 8 
can be trained to operate effectively in 4 hours. 
(+) 
7.1.5 Availability 
Current version available in Naval 
Postgraduate School (NPS) Systems Technology 
Laboratories (STL). ( +) 
7 .1.6 WAN Connectivity 
WAN connectivity possible when included 
in design. LAN connectivity now. (0) 
7.1.7 Architecture 
Reliable. open UNIX architecture. ( +) 
7.1.8 Cost 
Low equipment and lab support cost. 
Annual software development cost $100K per year 
labor? (0) 
7 .1.9 Data Collection 
User customizable data collection. Source 
code is available. ( +) 
7.1.10 Realism 
Abstract in detail but realistic game play. 
(0) 
7 .2 RESA Assessment 
7.2.1 Joint Operations 
Naval Wargame. Supports sea-based 
Little ground combat. portion of amphibious ops. 
All air ops. (-) 
7.2.2 Models 
Physics-based ' time tested models. 
ground combat models. ( +) 
Lacks 
7.2.3 Support 
Very little support required to build, 
maintain, change, operate games. ( +) 
7.2.4 Learning Curve 
Given 2 experienced naval officers, A team 
of 8 can be trained to operate effectively in 6 hours. 
(0) 
7 .2.5 Availability 
VAX version available in the NPS 
W argaming Lab. ( +) 
7.2.6 WAN Connectivity 
With other RESA games in past but not 
present. No other open systems. (-) 
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7 .2. 7 Architecture 
Very reliable. Closed, VAX architecture. 
Handles standard naval messages. Open systems 
eventually when ported to UNIX. (0) 
7.2.8 Cost 
Low lab support cost. UNIX cost in the 
future of $400K? (0) 
7 .2.9 Data Collection 
Wide range of auto-data collection. Source 
code is available to build others. (0) 
7.2.10 Realism 
Standard navy symbology and terminology 
adds to already excellent realism. ( +) 
7 .3 JTLS Assessment 
7.3.1 Joint Operations 
Land Combat W argame. Supports land 
and limited sea-based portion of amphibious ops. 
Limited naval combat. All air ops. (0) 
7 .3.2 Models 
Time stepped Lanchesterian difference 
equations. Weak in C3. (-) 
7 .3.3 Support 
Considerable contractor support required to 
build, maintain, change, operate games. (-) 
7 .3.4 Learning Curve 
Given 2 experienced land combat officers, 
a team of 8 can be trained to operate effectively in 
16hours. (-) 
7 .3.5 Availability 
VAX version available m the NPS 
W argaming Lab. UNIX version soon. ( +) 
7.3.6 WAN Connectivity 
Partially DIS and GCCS compliant. (0) 
7 .3. 7 Architecture 
7 .4.3 Support 
Very little support required to build, 
maintain, change, operate games. ( +) 
7.4.4 Learning Curve 
Given 1 naval and one land combat officer, 
a team can be trained to operate effectively in 6 
hours. (+) 
7 .4.5 Availability 
UNIX version available now requires 
procurement and training. (0) 
7.4.6 WAN Connectivity 
Between MfWS games and one-way 
comms with GCCS. Open architecture. (+) 
7.4. 7 Architecture 
Appears reliable. Open UNIX architecture. 
Handles DoD messages. (0) 
Somewhat reliable. VAX and soon UNIX 7 .4.8 Cost 
architecture. Open systems eventually when ported 
to UNIX. (0) 
7.3.8 Cost 
Outside contractor support required. 
UNIX cost soon $400K?. (-) 
7.3.9 Data Collection 
Some auto-data collection. Source code is 
not available to add more. (-). 
7.3.10 Realism 
Standard land combat symbology and 
terminology and excellent charts adds to quite 
detailed realism. (0) 
7 .4 MTWS Assessment 
7.4.1 Joint Operations 
All service joint wargame. Supports air-
land-sea-amphibious ops. ( +) 
7 .4.2 Models 
Physics-based monte carlo models. ( +) 
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High initial cost $380K less NPS cost 
sharing = $190K, low subsequent cost. (0) 
7 .4.9 Data Collection 
Wide range of auto-data collection. Source 
code is available to build more. ( +) 
7.4.10 Realism 
Very RESA-like. Excellent realism. ( +) 
7.5 GCCS Assessment 
GCCS is envisioned for use in conjunction with 
the selected tier 2 simulation and is therefore 
presented here for completeness. 
7.5.1 Joint Operations 
Supports joint planning and execution cycle 
at CINC level. Depends on selected wargame. ( +) 
7 .5.2 Models 
Current WWMCCS decision aids and 
tools. Better ones soon. Depends on selected 
wargame. (0) 
7 .5.3 Support 
Support required 
change, operate GCCS. 
W argaming support? (0) 
7 .5.4 Learning Curve 
to install, maintain, 
Provided by NPS. 
Depends on selected wargame. (0) 
7 .5.5 Availability 
GCCS here now. Wargame in 2 years. 
(0) 
7.5.6 WAN Connectivity 
With all other CINC and GCCS sites via 
SIPRNET. (+) 
7 .5. 7 Architecture 
Reliable. Open. Designed improvements. 
GCCS will support a distributed wargarne. ( +) 
7.5.8 Cost 
Installed. Upgrades will be costly. NPS to 
provide most funding. (0) 
7 .5.9 Data Collection 
Depends on wargarne. (0) 
7.5.10 Realism 
Depends on wargarne. (0) 
8 Evaluation results 
Each of the ten criteria for each of the 5 candidate 
simulations were assigned values and summed as 
shown in figure 1. Strengths and weaknesses are 
discussed. A comparative analysis shows MTWS 
is the simulation of choice to support tier 2 and 
possible tier 3 A2C2 experiments. 
8.1 Comparative Analysis 
Figure 1 shows that MTWS and DDD-III are the 
leading simulations for tier 2 A2C2 experiments. 
The primary difference between the two is whether 
to fund DDD-III to bring it up to tier 2 standards or 
to invest in a new system that already supports tier 
2 requirements. 
1. Simulation Assessment Results 
8.1.1 DDD-111 Assessment 
For DDD-ID the existing simulation must 
be expanded to meet the challenges of joint 
operations conducted in a dynamic environment of 
changing organizations and C2 processes while 
more realistically emulating those operations for the 
subjects. Follow-on DDD-III funding is necessary 
as well to bring the simulation up to anticipated tier 
3 standards where the warfighter plays the scenario 
on own equipment using familiar decision aides, 
databases, plots, and other applications. 
8.1.2 MTWS Assessment 
MTWS is the most expensive simulations 
in terms of initial outlay funds. But the actual costs 
borne by the A2C2 project is reduced considerably 
after considering cost sharing arrangements agreed 
to by the NPS STL and the USMC. NPS has 
agreed provide one half hardware costs, systems 
installation, system administration, system 
maintenance expenses and most of the training 
required to implement scenarios and databases on 
MTWS. The USMC has agreed in principle to 
absorb the software life cycle costs. 
The MTWS hardware is multipurpose and 
can support GCCS as well as other applications 
including simulations such as JTLS. MTWS is 
also a leading candidate for selection as the GCCS 
simulation "best-of-breed" and therefore a prime 
candidate as an A2C2 tier 3 experiment simulation 
platform. 
8.1.3 RESA Assessment 
RESA in its current state does not support 
joint warfare well enough. It currently operates on 
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older generation hardware and software. Perhaps 
it has served its purpose by helping spawn MTWS, 
a distant but younger relative. 
8.1.4 JTLS Assessment 
JTLS is currently too costly in terms of 
contractor support requirements both to create 
scenarios and to run them to be considered as a 
viable tier 2 candidate. JTLS could resurface again 
as a tier 3 wargame in the event it is chosen as 
"best of breed" for use in GCCS. 
9 Conclusions and Recommendations 
Based on the results of the assessment 
M1WS is recommended as the simulation of choice 
by tier 2 and 3 A2C2 experiments. It was also the 
simulation favored by the majority of principal 
scientists working on the A2C2 Project. 
Depending on funding availability, MTWS could 
be operational in a six player configuration in the 
NPS Systems Technology Laboratory as soon as 
late 1997. 
MTWS and other existing wargames are 
currently evolving and new simulations are on the 
horizon. Many details about MTWS are still being 
researched. The above recommendations are based 
on an on-going study and may change in the 
future .. 
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